Rapid substrate translocation by the multisubunit, erythroid glucose transporter requires subunit associations but not cooperative ligand binding.
The human erythroid glucose transporter is a GLUT1 homotetramer whose structure and function are stabilized by noncovalent, cooperative subunit interactions. The present study demonstrates that exofacial tryptic digestion of GLUT1 abolishes cooperative interactions between substrate binding sites on adjacent subunits under circumstances where subunit associations and high catalytic turnover are maintained. Extracellular trypsin produces rapid, quantitative cleavage of the human red cell-resident sugar transport protein, GLUT1. One major carboxyl-terminal peptide of M(r)(app) 25,000 is detected by immunoblot analysis. Endofacial tryptic digestion of GLUT1 results in the complete loss of GLUT1 carboxyl-terminal structure. GLUT1-mediated erythrocyte sugar uptake, transport inhibition by cytochalasin B, and GLUT1 oligomeric structure are unaffected by exofacial GLUT1 proteolysis. In contrast, the cytochalasin B binding capacity of GLUT1 and the Kd(app) for cytochalasin B binding to the transporter are doubled following exofacial tryptic digestion of GLUT1. Photoaffinity labeling experiments show that increased cytochalasin B binding results from increased ligand binding to the 25 kDa carboxyl-terminal GLUT1 peptide. Proteolysis abolishes allosteric interactions between sugar import (maltose binding) and sugar export (cytochalasin B binding) sites that normally exist on adjacent subunits within the transporter complex, but interact with negative cooperativity. Following exofacial proteolysis, these sites become mutually exclusive. Dithiothreitol disrupts GLUT1 quaternary structure, inhibits 3-O-methylglucose transport, and abolishes cooperative interactions between sugar import and export sites in control cells. Studies with reconstituted purified GLUT1 confirm that the action of trypsin on cytochalasin B binding is direct, show that proteolysis increases the apparent affinity of the sugar efflux site for transported sugars, and suggest that the membrane bilayer stabilizes GLUT1 noncovalent structure and catalytic function following GLUT1 proteolysis. Collectively, these findings demonstrate that GLUT1 does not require an intact polypeptide backbone for catalytic function. They show that the multisite sugar transporter mechanism is converted to a simple ping-pong carrier mechanism following exofacial GLUT1 proteolysis. They reveal that subunit cooperativity can be lost under circumstances where cohesive structural interactions between transporter subunits are maintained. They also refute the hypothesis [Hebert, D. N., & Carruthers, A. (1992) J. Biol. Chem. 267, 23829-23838] that rapid substrate translocation by the multisubunit erythroid glucose transporter requires cooperative interactions between subunit ligand binding sites.